Background Isolated posterolateral corner (PLC) tears are relatively rare events. Various surgical techniques to treat posterolateral knee instability have been described; because surgical results are linked to cruciate reconstructions it has been difficult to date to define whether one surgical procedure has better prognosis than another. The goal of this study is to determine the clinical outcome of PLC reconstruction following fibular-based technique. Materials and methods We retrospectively evaluated a case series of patients who received isolated PLC reconstruction between March 2005 and January 2007. Ten patients were surgically treated for isolated injuries and were available for follow-up; average patient age was 27.4 years (range 16-47 years). All patients were treated following the fibular-based technique: double femoral tunnel was performed in six patients, while in the remaining four patients, the reconstruction of the PLC was performed with a single femoral tunnel. Six patients had semitendinosus allograft and four had semitendinosus autograft. All patients had the same evaluation and the same rehabilitation protocol. Results Mean follow-up was 27.5 months (range 18-40 months). Mean range of motion (ROM) was 143.5°f or flexion (range 135-150°) and 0.5°for extension (range 0-3°). Three patients showed 1? on varus stress test, while on Dial test another three patients showed 10°reduction of external rotation compared with contralateral knee. The average Lysholm score was 94 points (range 83-100), and the mean International Knee Documentation Committee (IKDC) subjective result was 88.48 (range 74-96.5). Based on Lysholm score, the results were excellent in eight knees and good in two knees. On IKDC evaluation, two patients were grade A and eight were grade B. No significant difference in clinical results was observed between single and double femoral tunnel. Conclusion Fibular-based technique showed good results in terms of clinical outcome, restoring varus and rotation stability of knees in treatment of chronic isolated PLC injury.
Introduction
In the past the posterolateral corner (PLC) of the knee was described as the ''the dark side of the knee'' [1] . The definition is well suited to the posterolateral structures of the knee. For too long neglected, this anatomical region has recently attracted the attention of researchers and scholars, for a long time focused on study of the anterior cruciate ligament (ACL). However, analysis of the results and failures of ACL reconstructive surgery have permitted greater understanding of the complex biomechanics of the knee and injuries associated with cruciate tears.
Over the past 15 years, numerous cadaveric studies have focused on anatomy and biomechanics of the PLC of the knee, enabling greater knowledge of this anatomical region. Following these studies, it has been clarified that the fibular collateral ligament (FCL), the popliteofibular ligament (PFL), and the popliteal tendon (PT) play a main role in resisting external rotation, varus rotation, and posterior tibial translation [2, 3] . Specifically, the FCL and PFL represent the main static stabilizers of the PLC, working as major restraints to primary varus and external rotation at lower angles of knee flexion (30°), whereas the popliteus muscle-tendon unit functions as the dynamic stabilizer of external rotation and posterior tibial translation at greater knee flexion angles [3] [4] [5] .
Many authors recommend operative reconstruction in symptomatic chronic PLC tears not responding to conservative treatment. However, because of different surgical techniques, controversies still exist regarding which surgical procedure would give the best results. Moreover, sparse literature data are available concerning in vivo results of this surgical procedure, and all of them describe PLC surgery performed in settings with associated cruciate ligament injury [6] .
The purpose of this study is to evaluate the clinical outcome of patients who underwent isolated posterolateral corner reconstruction performed according to the fibularbased technique. Our hypothesis is that the fibular-based technique could restore varus and rotation stability in knees with chronic isolated PLC injury.
Materials and methods
Between March 2005 and January 2007, 12 consecutive patients were surgically treated for chronic isolated posterolateral corner injury. Two patients were lost to followup because they were living abroad. Ten patients were available for follow-up (nine men and one woman). Eight patients underwent surgical reconstruction between 4 and 12 months after injury, and two patients underwent surgery more than 12 months after injury. Before surgery all patients complained of knee pain on the lateral side and instability even after a rehabilitation program was performed. In four patients the diagnosis of PLC injury was made at 3 months from the injury. The mechanisms of injury included five motorcycle crashes and five sportrelated injuries.
In addition to cruciate ligament tests, a specific posterolateral corner evaluation was performed. The Dial test (at 30°and 90°knee flexion) and the varus stress test (at 0°a nd 30°knee flexion) were performed, respectively, in prone and supine position. The results of these tests were compared with those of the contralateral, uninvolved knee and were considered normal when no difference was found between the involved and uninvolved knee. Instability was graded from 0 to 3? (Table 2) [7] . The Dial test and the varus stress test were performed also preoperatively with the patient under spinal or general anesthesia. Furthermore, arthroscopic evaluation was performed to detect more than 1 cm of lateral compartment opening with application of varus knee stress (''drive-through'' sign) [8] . Surgical reconstruction was performed upon positivity of the Dial test, varus stress test, magnetic resonance imaging (MRI) examination, and if the drive-through sign was present.
Before surgical reconstruction all patients underwent MRI and long leg weight-bearing X-ray examination to exclude cruciate ligament tear, previous fracture, and limb malalignment. However, in three patients we found a posterior cruciate ligament (PCL) partial lesion. In these patients, radiofrequency ligament shrinkage was performed rather than surgical reconstruction. This choice was made on the basis of the clinical knee examination (tibiofemoral step-off \5 mm on posterior drawer test), the MRI, and the arthroscopic assessment ligament view. Other associated injuries included one medial meniscal tear treated through partial meniscectomy, while another two patients presented grade II Outerbridge patellar chondropathy and were not treated ( Table 1) ; at time of injury, no patients had any associated fractures. The exclusion criteria of the study were previous knee surgery and associated cruciate ligament injury that both clinically and arthroscopically required surgical reconstruction.
All patients were treated by fibular-based technique reconstruction. Semitendinosus tendon was used in all patients, with the source being autogenous in four and allograft in six, due to allograft availability. All reconstruction procedures were performed by the senior surgeon. Following McGuire's technique [9] , a single femoral tunnel was performed on four patients, while in the remaining six patients, the reconstruction of the PLC was performed with a double femoral tunnel, as described by Arciero [10] (Figs. 1, 2).
The patient was placed supine on the operating table. Tourniquet was placed high up on the thigh, and an arthroscopic assessment view was performed. PLC reconstruction was done using semitendinosus tendon. The tendon graft was tubularized using a no. 2 nonabsorbable suture (Fiberwire; Arthrex, Naples, FL) and was sized to pass through a 6-mm tunnel, measuring 20-24 cm in length.
With the knee flexed at 90°, the initial lateral exposure was made through a skin incision over the lateral aspect of the knee. A straight-line incision was performed just from the posterior aspect of the lateral epicondyle to just the distal part of the fibular head. A 4-cm horizontal fascial incision was performed posterior to the fibular head, just anterior to and in line with the biceps tendon. Thereafter, the fibers of the lateral gastrocnemius muscle were elevated from the fibula, exposing the posterior aspect of the fibular head. Furthermore, a small vertical incision was made over the anterolateral aspect of the proximal fibula to expose the origin of the fibular collateral ligament.
Protecting the peroneal nerve posteriorly with a teaspoon, a guidewire was then passed from just anteriorly and distally to the insertion of the FCL and directed proximally and medially to exit the posterior aspect of the fibula adjacent to the proximal tibiofibular joint ( Fig. 3 ). Then, a 6-mm tunnel was drilled and the graft was then passed through the tunnel. At this point, the lateral femoral epicondyle was identified and a 4-cm iliotibial band incision was performed over this point. The FCL attachment point was anatomically located, and a guidewire was introduced just anteriorly to the central origin of the FCL. The guidewire was slightly inclined from posterior to anterior and was directed proximomedially to the medial epicondyle and adductor tubercle. The guidewire was brought out percutaneously to the medial side of the knee, and then an 8-mm tunnel was reamed to a depth of 35 mm (FCL tunnel). At this point, both ends of the graft were passed under the iliotibial band and then through the femoral tunnel. The graft was tensioned with the knee flexed at 30°, internally rotated and slightly valgus. Graft fixation on the femoral tunnel was performed with a 9-mm bioabsorbable screw (BioRCI-HA; Smith & Nephew, Andover, MA).
Following the double femoral socket technique described by Arciero [10] , in six patients one more femoral tunnel (PFL tunnel) was reamed, 18 mm distally and anteriorly from the FCL tunnel to a depth of 35 mm ( Fig. 4 ). Both tunnels were sized 6 mm. The anterior limb of the graft was passed deep to the superficial layer of the iliotibial band and then through the FCL tunnel. Instead, the posterior limb of the graft was passed through the popliteal hiatus and then transferred into the PFL tunnel. The graft was tensioned with the knee flexed at 30°, internally rotated and slightly valgus. The graft fixation on the femoral tunnels was performed with two 7-mm bioabsorbable screws.
Rehabilitation
All patients underwent the same rehabilitation program. The operated knee was immobilized in a postoperative hinged knee brace locked at 0°for 3 weeks. Passive ROM began at the third week postoperatively, and at the fourth week the brace was unlocked to achieve a range of motion of 0-110°. In this phase the patient started partial weight bearing, as tolerated with crutches. Full weight bearing was allowed from the seventh week postoperatively. The high knee brace was kept until the 12th week to protect the knee from varus stress and from knee hyperextension, and to permit graft integration. During the whole rehabilitation period patients were instructed to limit excessive foot and tibial rotation. Patients returned to regular daily activities at the fourth month, but running was not permitted until 5 months after surgery. Contact sports were permitted after 7 months postoperatively.
Follow-up evaluation
All examinations and results were evaluated by a single independent examiner not involved in surgical treatment. Knee function was evaluated according to Lysholm/Tegner score and the International Knee Documentation Committee (IKDC) subjective and objective forms. In addition, a visual analog scale (VAS) was submitted to evaluate residual knee pain affecting the patient during the last 2 weeks.
On clinical examination, the results obtained in the injured knee were compared with those of the uninjured side. Extension of the knee was measured with the patient in supine position, while flexion was measured in prone position. During clinical examination of the knee, we paid particular attention to assessing the stability of the posterolateral corner complex. The varus stress test was performed in supine position at 0°and 30°, while the Dial test of the treated knee was performed in prone position at knee flexion of 30°and 90°. The measurement was obtained by a goniometer, and the results were recorded and graded on a 0 to 3? scale [11] (Table 2 ). Furthermore, we asked each patient to classify his/her knee condition as follows: greatly improved, improved, no change, slightly worse, or greatly worse.
All subjects gave informed consent prior to inclusion to the study, which was approved by the local ethical committee. The study was performed in accordance with the Declaration of Helsinki as revised in 2000.
Statistical analysis
Statistical analysis was conducted by an independent statistician who was not associated with the surgical team. Clinical results of Dial test and varus stress test were compared with the Lysholm score and IKDC score using 
Results
Average patient age at surgery time was 27.4 years (range 16-47 years). There were nine men and one woman. The average follow-up period was 27.5 months (range 18-40 months). In six patients submitted to PLC reconstruction a semitendinosus allograft was used, while a semitendinosus autologous was used in four patients. In six patients a double femoral tunnel was performed, while in the remaining four patients the PLC reconstruction was performed following the single femoral tunnel technique (Table 1) .
No patients had significant flexion contracture. The average ROM was 143.5°for flexion (range 135-150°) and 0.5°for extension (range 0-3°). However, on varus stress test (0-30°) three patients showed 1? while the other seven showed normal lateral opening (0) compared with the contralateral knee (average 0.3). The Dial test performed at 30°showed that, following the 0 to 3? system, all treated knees were classified as normal (0). However, three patients presented 10°reduction of external rotation compared with the contralateral knee. No differences between the two knees were observed by Dial test performed at 90°knee flexion. The average Lysholm knee score was 94 points (range 83-100). Based on the Lysholm knee scoring system, the results were excellent in eight knees and good in two knees. The objective results of the IKDC score were normal (A) in two patients and nearly normal (B) in eight patients. No abnormal or severely abnormal results (C, D) were observed in this study. The mean postoperative IKDC subjective score was 88.48 (range 74-97. 7) .
No correlation was found on comparing the clinical results on Dial test with the Lysholm score (P = 0.917) or IKDC score (P = 0.489). Similarly, no correlation was found comparing the clinical results on varus stress test with Lysholm score (P = 0.180) or IKDC score (P = 0.118).
Postoperative complications were observed in two patients. A 47-year-old man [follow-up (FU) 32 months] developed deep vein thrombosis followed by pulmonary embolism that required protracted hospital recovery and low molecular weight heparin (LMWH) therapy. Another patient, a 19-year-old male, developed septic arthritis that did not require arthroscopic washout and that resolved through prolonged antibiotic therapy and immobilization. However, at follow-up no patients showed graft failure. No peroneal nerve pathologies were observed before or after surgery.
All patients considered the knee improved (n = 4) or greatly improved (n = 6) and would repeat the procedure under the same circumstance, including those who had postoperative complications. The main VAS score for pain rating was 0.85 (range 0-3; Table 2 ).
Discussion
Our purpose in this study is to evaluate the clinical outcome of isolated PLC reconstruction following the fibularbased technique performed in patients with chronic isolated PLC injury. The present study shows good results in terms of Lysholm and IKDC scores for both surgical techniques, nearly normal postoperative knee ROM, and good lateral and posterolateral knee stability observed on Dial test and varus stress test. No correlation was found comparing clinical results by Dial test and varus stress test with Lysholm score and IKDC score.
Furthermore, the main finding in the study was that three patients (30%) presented a reduction of 10°external rotation compared with the contralateral knee; this was present in two patients treated following the double femoral tunnel technique and in one patient treated following the single femoral tunnel technique. Based on Lysholm knee score, these three patients presented good function of the knee and were classified as nearly normal by IKDC score. Reduction of external rotation was already described in literature and was present when the popliteus muscle-tendon unit was reconstructed by a static stabilizing procedure [12] . In a biomechanical study, Markolf et al. [13] observed that, using two different surgical PLC reconstructions (FCL ? PT versus FCL ? PFL), the amount of external rotation was equivalent in both techniques. Furthermore, for both techniques, the amount of external rotation was significantly less when compared with the intact knee (the lateral joint was slightly overconstrained). In this study the authors also described that, when tensioning the grafts at 30°knee flexion, decrease of final tibial external rotation was observed when passing from 10 to 30 N graft tensioning. In all our patients the surgical procedure performed permitted reconstruction of just the static limb of the popliteus complex, suggesting that the limitation of tibial external rotation is not directly correlated with the surgical procedure. Based on the evidence of our study, we could speculate that the reduction of the tibial external rotation observed in three of our patients seems to be due to excessive tensioning of the graft during surgical reconstruction. Even though good subjective and objective results of this small group were observed, we believe that longer follow-up is required to evaluate any degenerative joint disease in the group with diminished tibial external rotation. Moreover, further studies are needed to evaluate appropriate graft tensioning in order to reduce the risk of overconstraining the lateral knee joint.
Isolated PLC injuries are rare, as 90% of all PLC tears occur in settings with other concomitant ligament injury [14] . Recently, in an MRI study of incidence of ligament injuries [15] , it was observed that PLC tears occurred in 16% of all ligament injuries, whereas isolated PLC tears occurred in 13% of overall posterolateral knee injuries.
Kannus [16] reported good and excellent results following conservative treatment of grade II PLC injuries, even if residual lateral laxity was common. Worse clinical results were observed for untreated grade III PLC injuries, and posttraumatic arthritis was found in 50% of patients in an X-ray follow-up study. However, it is a common opinion that ligament tears and secondary joint laxity lead to significant predisposition to articular cartilage degeneration secondary to altered knee forces. Furthermore, it was observed that high adduction moment on PLC-deficient knees could significantly increase the risk of ACL or PCL graft failure [17] . This occurrence could also be assumed for the native ACL and PCL.
Many authors recommend acute primary repair through direct suture of the damaged structures of the PLC to be performed within 2 weeks of injury. Indeed, it has been found that, after 3 weeks, there is significant development of scar tissue planes along the posterolateral knee [18] . However, it was observed that popliteal tears are frequently located at the muscolotendinous junction, precluding direct repair in acute cases [19] .
Several surgical procedures have been described in literature, such as advancement techniques (advancement of PT and FCL insertion), augmentation techniques (using the iliotibial band and/or a central slip of biceps tendon), and biceps tenodesis techniques [11, 20] . Recently, following increased anatomical and biomechanical knowledge of the PLC's key structures, various free graft surgical reconstruction techniques have been described [3, 9, 10, 21] that attempt functional restoration of the three key structures of the posterolateral corner (FCL, PFL, and PT). Because of the different surgical procedures described, there is no consensus regarding the ideal reconstruction. Furthermore, PLC surgery is generally performed in a setting with ACL or PCL reconstruction, and very little literature is available describing clinical results of isolated PLC reconstruction. Stannard et al. [22] reported the clinical results of seven isolated PLC reconstructions following the two-tailed modified procedure. In that study, the authors observed that at follow-up the average score for the varus stress test and Dial test was, respectively, 0.1 and 0.3. The authors also observed no graft failures and that clinical findings on the IKDC form were normal (n = 4) or nearly normal (n = 3), with good posterolateral knee stability at follow-up. The only two graft failures were observed in patients who underwent combined ACL-PLC reconstruction following knee dislocation. These results are comparable to ours; in fact, in our case series, no graft failure was observed, and on the IKDC form three knees were classified as normal while seven were classified as nearly normal.
In 2003, Kim et al. [23] reported good results with an average postoperative Lysholm knee score of 93.6 (range 65-100) in a case series of 21 isolated PLC reconstructive surgeries using biceps tenodesis that included also ACL and PLC stretching injuries. Yoon et al. [24] reviewed 46 patients having PLC reconstruction, comparing the clinical results of PLC sling procedure with an anatomical PLC reconstruction. In that case series there were four isolated PLC injuries, but the authors did not describe the surgical procedure and clinical results for each case.
Recently, Arthur et al. [25] reported that open wedge osteotomy should be the first stage of treatment in patients with chronic isolated PLC injuries if genu varus alignment is identified. The authors observed that four of six patients with isolated PLC injuries who underwent a first-stage corrective proximal tibial open wedge osteotomy did not require a second-stage ligament reconstruction. Almost all of our patients presented nearly normal knee alignment, while one patient (n = 3) presented moderate varus alignment. However, at the time of follow-up assessment, X-ray knee examination for evaluation of the mechanical axis was not performed because the patient did not provide informed consent.
The major limitations of our study are its retrospective nature and its small size. This could be justified by the rarity of the injury. However, our population group was similar in terms of size to other studies reporting results of isolated PLC reconstruction [22] [23] [24] . Furthermore, we believe that this small group study provides statistical results that could have been different if the study were conducted on a wider scale. Other limitations include heterogeneity due to the use of two different surgical techniques for femoral graft fixation, PCL status, use of both allograft and autograft, and lack of X-ray checkups. Furthermore, the short follow-up period does not allow us to evaluate differences between these variable in terms of knee function and return to sports.
In conclusion, fibular-based PLC reconstruction showed acceptable short-term results in a small series of patients with isolated PLC injury. Longer follow-up is necessary to determine long-term graft function as well as incidence of degenerative joint disease. Also, further studies are required to optimize the amount of graft tensioning during PLC reconstruction to reduce incidence of overconstraining of the lateral knee joint.
